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ABSTPl/iCT 


It  has  been  shown  that  in  aqueous  solutions  CO2  and  bicarbonate  react 
with  negatively  charged  polarons  (ll20)“  forned  by  the  irradiation  of  water 
by  Y-rays,  leading  to  the  fomation  of  .CO^,  i.e.  the  carboxyl  radical  ion. 

In  the  presence  of  organic  solutes,  the  carboxyl  radical  ion  nay  add 
on  to  other  free  radicals,  e.g.  those  fomed  by  the  action  of  radiation- 
produced  on  radicals  on  organic  solutes,  to  give  the  corresponding  ceir- 
boxylic  acids. 

Using  C-I4  labelled  carbon  dioxide  or  bicarbonate,  this  process 
covild  provide  a  nethod  for  the  production  of  carbo^^llc  acids  labelled 
in  the  carboxyl  group. 

In  neutral  solutions  two  reducing  species,  i.e.  negative  polarons 
and  prinarily  fomed  II  atons,  have  been  shown  to  be  present  in  irradiated 
water;  their  reactions  with  various  solutes  have  been  studied. 

All  irradiations  were  carried  out  with  Co^^  Y-rays. 

For  irradiation  of  aqueous  solutions  in  the  presence  and  absence  of 
different  gases  (O^,  standard  irradiation  techniques  have  been 

used. 

Analysis  of  the  gaseous  irradiation  products  has  been  carried  out  l?y 
neans  of  the  nass-spectroneter.  Other  irradiation  products  have  been 
deternined  spectrophotonetrically  or  by  radioactive  tracer  techniques. 
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iiit::oductioii 


Although  an  appreciable  anovint  of  work  has  already  been  carried  out 
with  the  object  of  establishing  the  nature  of  the  prinary  reactive  species 
produced  by  the  action  of  ionizing  radiation  on  water  and  on  the  mechanisn 
of  their  reactions,  a  complete  and  satisfactory  understanding  has  not,  as 
yet,  been  achieved. 

In  the  present  work,  special  attention  has  been  directed  toweurds  the 
irradiation  of  aqueous  solutions  of  some  relatively  simple  organic  nole- 
c”les  such  as  formic  acid,  methanol,  oxalic  acid,  etc,,  in  the  range 
pH  5-9*  Particular  attention  has  been  given  to  the  investigation  of 
the  nature  and  the  yields  of  the  different  reducing  species  produced  by 
the  action  of  ionizing  radiations  on  v/ater. 

Prom  a  chemical  point  of  view,  the  distinction  betvvecn  the  different 
primary  species  must  be  based  on  some  specific  reactions.  In  those  cases 
where  their  reactions  are  similar,  a  differentiation  may  be  obtained  by 
means  of  tv/o-solute  systems.  For  instance,  ©2  reacts  rapidly  with  both 
the  reducing  species  (1120)”  and  Il-atons  and  cannot  therefore  be  used  for 
their  differentiation,  and  also  the  reaction  product  (H2O2)  is  the  same. 
However,  as  Allan  and  Scholes^^  have  found,  e.g.  acetone  can  be  used  for 
this  purpose}  from  experiments  in  this  system,  they  have  been  able  to  show 
that  in  addition  to  polarons  there  is  a  primary  formation  of  H-atoms  in 
neutral  solutions  of  G'^0*5» 

Search  for  other  satisfactory  scavengers  has  drawn  attention  to  the 
possible  uses  of  CO2  and  N2O.  '>/e  have  found  that  CO2  and  bicarbonate 
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react  readily  with  negative  polarons,  but  relatively  very  slowly  with 

2 ) 

Il-atons  and  OH  radicals.  It  has  been  suggested  '  that  II2O  also  reacts 
readily  with  the  reducing  species  but  not  v;ith  Oil  radicals.  The  use  of 
II2O  by  itself  does  not  appear  to  be  very  satisfactory.  On  the  other 
hand,  we  have  found  that  1120  is  very  useful  v;hen  used  as  a  second  solute; 
in  nany  instances  it  nay  behave  very  sinilarly  to  COg. 

EXEI.IIIIIITAL  T'JCmilO.UES 

60 

All  irradiations  were  carried  out  \ath  Co  Y-rays.  iladiation 
doses  \/ere  neasured  by  the  rricke  dosineter,  assuning  a  value  of 
G(re^^^)  -  15*5  for  Co^®  Y-rays. 

Solutions  for  irradiation  'were  prepared  under  conditions  of  the 
utnost  piarity.  ‘.'ater  v/as  purified  by  triple  distillation.  Ordinary 
distilled  \,'ater  \7a8  distilled  fron  an  alkaline  potassium  permanganate 
solution  into  a  dilute  phosphoric  acid  solution  (0*1  nl.  of  concentrated 
phosphoric  acid  in  2  1.),  fron  which  it  -was  further  distilled  into  a 
pyrex  flask.  The  pll  of  the  water  wa^  usually  in  the  range  5*3  to  5*7» 

Host  of  the  chenicals  used  were  "Analar"  grade.  Sodium  formate 
was  recrystallised  three  tines  and  dried  in  a  vacuum  desiccator  over 
sodium  hydroxide  pellets.  The  middle  fraction  of  methanol  distillate 
T;as  used.  Carbon  dioxide  was  prepared  fron  sodium  carbonate  and  sul¬ 
phuric  acid  and  ptirified  by  fractional  distillation  in  vacuo.  Iledicsil 
grade  of  "British  Oxygen"  nitrotis  oxide  \7a8  used,  and  also  purified  by 
fractional  distillation  in  vacuo. 
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Standard  irradiation  techniques  \/ere  used  for  irradiation  of 
aqueous  solutions  in  the  presence  and  absence  of  different  gases 
(Og,  CO2J  llgO).  The  irradiation  vessels  vrere  node  of  pyrex. 

Host  of  the  analytical  work  was  concerned  with  neasurenents  on 
gaseotis  products.  An  apparatus  for  the  collection  and  separation  of 
seni-nicro  qimntities  of  gases  (•01  to  1  cc.)  has  been  constructed. 

The  total  amount  of  ga3eo\as  products  v;as  determined  by  PVT  neasurenents, 
followed  by  nass-spectronetric  analysis, 

Spectrophotonetric  analysis  v/as  used  for  the  detection  of  some 
products,  such  as  glyoxylic  acid,  etc. 

Carboxylic  acids  were  determined  by  using  C-I4  tracer  methods. 

The  activities  of  the  samples  v/ere  measured  by  means  of  a  Geiger«Huller 
counter.  Labelled  oxalic  acid  was  determined  by  the  addition  of  a  cer¬ 
tain  amount  of  oxalic  acid,  to  act  as  a  carrier,  and  precipitation  as 
calciun  salt  vms  carried  out  with  a  subsequent  neasurenent  of  the  activity 
of  the  samples.  In  some  cases  oxalic  acid  was  determined  gravinetrically 
as  the  calci\3m  salt. 


EXECLEIDITTAL  PJCSULTS 


In  all  irradiations  yield-dose  plots  were  obtained  with  at  least  4 
points  and  the  proportionality  of  yields  to  radiation  dose  checked.  In 
some  cases  (e.g.  H2  yields  in  irradiated  formate  solutions)  the  yield-dose 
plots  were  non-linear,  presumably  due  to  secondary  reactions.  In  such 
oases,  initial  (1-values  (number  of  molecules  per  100  eV  absorbed)  were 
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taken  into  consideration. 

Fig.  1  shows  the  concentration  dependence  of  the  hydrogen  yield  in 
deaerated  neutral  sodi\m  f ornate  solution. 

The  formation  of  glyoxylic  acid  at  higher  fornate  concentrations  was 
not  determined  due  to  the  interference  by  the  formate. 

Fig.  2  shows  the  hydrogen  yield,  G(ll2)»  in  deaerated  1  nil  sodiim 
formate  solution  as  a  function  of  the  concentration  of  added  sodium  bicar¬ 
bonate. 

In  the  presence  of  added  oxalate  the  hydrogen  yield  drops  to  G  ■  1*05. 

3  shows  G(C02),  i*e.  the  yield  of  the  carboxyl  group  in  oocalio 
acid  derived  from  the  bicarbonate,  as  a  fimction  of  the  fornate  and  bicar¬ 
bonate  concentration.  C-14  labelled  bicarbonate  was  used  to  differentiate 
between  carboxyl  groups  in  the  radiation-produced  oxalic  acid  from  bicar¬ 
bonate  and  from  formate. 

Fig,  4  shCTws  the  pll-dependence  of  G(ll2)  from  10  nil  formic  acid  solution 
irradiated  in  vacuo  and  in  the  presence  of  20  nil  COg.  The  yield  of  COg  in 
oxalic  acid  (from  is  also  given,  pll  -was  adjusted  with  HgSO^. 

Fig.  5  shows  yield-dose  plots  of  radiation  products  in  neutral  aqueous 
solution  of  NgO,  The  concentration  of  NgO  was  17  nil.  The  positive  inter¬ 
cept  of  the  Ng  small  amounts  of  Wg  from  the  irradiated 

glass. 

Fig.  6  shows  the  dependence  of  the  gaseous  yields  in  neutral  aqueous 
solutions  of  methanol  and  N2O  on  the  concentration  of  methanol.  The 
yield-dose  plots  for  hydrogen  peroxide  are  non-linear  but  deviate  less 
from  linearity  with  increasing  methanol  concentration. 
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Fig.  7  shows  the  dependence  of  the  caseous  yields  in  neutral  solution 
of  sodium  formate  and  on  the  concentration  of  formate. 

Irradiation  of  aqueous  solution  of  deuterated  sodium  formate  in  the 
presence  of  NgO  gives  rise  to  hydrogen  (llg)  and  deuterium  hydride  (lID). 

The  yield  of  hydrogen,  6(112)  “  0»4,  is  independent  of  formate  concen- 

-3  -1 

tration  over  the  range  10  ^  -  10  11, 

As  there  is  no  suitable  analytical  method  for  micro-quantities  of 
oxalic  acid,  we  have  irradiated  aqueous  solutions  of  sodium  formate  in 
the  presence  of  sodi\m  bicarbonate  and  H2O  using  very  high  doses 
(2  -  7  3c  10^^  eV/ml).  The  yield  of  oxalic  acid  has  been  determined 
gravimetrically  as  the  calcium  salt.  Under  these  conditions,  the  yield 
of  oxalic  acid  depends  on  the  concentration  of  formate  and  only  sli^tly 
on  the  dosei  initial  values  corold  not  be  determined  and  G-values  for  a 
dose  of  2  X  10^^  eV/ml  are  given.  These  oxalic  acid  yields  were  found  to 
be:  G  -  3*03  in  5  x  10"^  11  IICOONa  with  5  x  10^  1;  NallCOj,  and  G  -  3*2  in 
10”^  II  HCOQNa  and  latm.  H20>  and  G  ■  3*’4  in  5  x  10  ^  II  IICOONa  and  1  atm. 
HgO* 

DTSCUSSldll 

In  acid  solution,  where  formic  acid  exists  in  the  unionized  form,  the 
following  sequence  of  reactions  is  envissigedt 


HCOOn  +  OH  _ 

COOH 

0 

+ 

(1) 

HCOOH  +  H  — 

^  COOH 

^  H2 

(2) 

6 


COOH  + 

coon  _ 

COg  +  IKOOH 

(3) 

HgOg  + 

Gnnii  ^ 

COg  +  IlgO  +  Oil 

(4) 

H-atoms  are  formed  via  the  process* 

+ 

0 

1 

II  +  aq. 

(5) 

The  lower  yield  of  (G  ■  3*2)  could  be  explained  assunin^  that  reaction  (6): 


H  +  HgOg 


IlgO 


+  OH 


(6) 


plays  a  more  inportant  role  than  reaction  (4)#  The  initial  yields  probably 
represent  the  full  yield,  as  is  indicated  by  the  results  of  Czapski,  llabani 
and  Stein^\ 

I^ydrogen  yields  are  dependent  to  some  extent  on  the  relative  concen¬ 
trations  of  formic  and  sulphuric  acids  (Fig,  4)»  This  cotild  be  explained 
byj 


hsoT  +  oh  _ 

4 

HSO.  +  OH" 

^  4 

(7) 

IISO.  +  II  _ 

4 

IlgSO^ 

(8) 

The  influence  of  sulphuric  acid  has  been  observed  by  many  workers. 

In  the  presence  of  CO2  (Fig,  4)1  6(112)  is  markedly  lower  and  depends 
on  pH  and  relative  concentrations  of  formic  {u:id  and  C02*  It  is  important 
to  note  that  at  higher  pH  the  6(n2)  droi»  to  value  also  obtained 

in  the  presence  of  bicarbonate.  The  drop  in  hydrogen  yield  is  due  to 
reaction  (9)1 

COg  +  (HgO)"  CO"  +  HgO  (9) 


9 


which  conpetes  \7ith  reaction  (5)» 

The  carboxyl  radical,  COg,  nay  undergo  the  reaction: 

CO"  +  >  coon  +  IlgO  (10) 

or  recoQbine,  giving  oxalic  acid,  viz, 

2  CO:-  - ^  coo"  (11) 

^  I 

COO" 

In  neutral  solution,  fomic  acid  is  present  in  the  ionized  fom,  and 
the  following  reaction  takes  placet 

HCOO"  +  on  - -  CO  2  +  IlgO  (12) 

ueaction  (lO)  then  is  negligible  and  only  reaction  (ll)  takes  place.  The 

4) 

fomation  of  oxalic  acid  has  been  observed  by  a  few  authors  ,  The  fate 

-  5 ) 

of  (llgO)"  has  not  been  satisfactorily  explained.  Garrison  et  al.  sug¬ 
gested  as  a  general  reaction: 

2  II^O"  - »  Hg  +  2  OH"  (15) 

which  cannot  be  accepted  on  the  basis  of  our  results,  \.’e  have  found  that 
in  the  case  of  deuterated  f ornate,  the  hydrogen  yield  is  conpoeed  of  H2  as 
well  as  HD.  G(H2)  was  fouz^d  to  be  very  nearly  equal  to  the  molecular 
hydrogen  yield,  though  sli^tly  higher,  possibly  due  to  isotopic  inpuri'^. 

5) 

of  the  deuterated  formate.  On  the  same  grounds,  the  sequence'^ ^ 


HgO  +  e  — 

H"  +  OH 

(14) 

H"  +  H2O  — 

Hg  +  OlT 

(15) 
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cannot  136  accepted. 

The  fact  that  the  total  hydrogen  yield  is  in  excess  of  the  noleculax 
yield  (see  Tig,  l)  could  bo  explained  in  the  following  way: 


0(14) 


+  G,, 


+  Gt, 


(16) 


where  G(H^)  represents  the  total  hydrogen  yield j  G„  ,  the  nolecular  hydro- 

Ho 


gen  yield;  G^j  ,  the  yield  of  hydrogen  atons  fomed  directly  ' \  and  Gjj,  the 
‘a 

yield  of  hydrogen  atons  fomed  by  reaction  (5)  or  possibly  by  a  snail 
contribution  from 


(lIoO)"  _ II  +  OU" 


One  has  further  to  assme  that  the  reaction: 


HC00“  +  (Il20)“ 


(17) 


(18) 


takes  part  to  sone  extent  though  it  m;ist  be  very  slow.  The  free  radical 
forned  in  this  way  represents  the  hydrated  carbonyl  radical  and  the  step 


0"  on 

/  / 

HC  _ _  lie  ^  HCO  +  H^O  (19) 

\ 

0  OH 


which  leads  to  the  fomation  of  glyoxylic  acid  Moording  to: 


IICO  +  COg 


(19a) 


The  decrease  of  0(112) (Fig.  l)  could  bo  explained  by  ocapetltion  between 
reactions  (5)t  (l?)  and  (I8)* 
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In  the  presence  of  bicnrbonc.te,  0(112)  decreases  in  f ornate  solution 
(ri;?,  2),  The  decrease  is  probably  due  to 

nco"  +  (1I2O)"  - co"  +  on"  +  iigO  (20) 

One  nay  argue  that  the  bicarbonate  ion  does  not  react  with  negative  polarons 
and  that  reaction  (20)  shoiold  be  replaced  by  the  reaction  v/ith  CO2  which 
is  in  equilibriun  v/ith  the  bicarbonate  ion  according  to: 

IICO"  +  IIjO"^  ^  Il2C0^  - — ^  CO2  +  II2O  (21) 

G^.  is  nore  or  less  constant  due  to  the  very  low  reactivity  of  II  either 
■^a 

with  bicarbonate  ion  or  CO2  and  the  high  reactivity  of  II^^  with  fomate 
ion?  the  relatively  long  plateau  in  Fig,  2  is  evidence  for  this. 

The  carboxyl  radical  arising  fron  reaction  (20)  could  be  differen¬ 
tiated  from  the  one  coning  Iron  fomate  (according  to  reaction  12)  by  the 
1^ 

use  of  KaHC  '0^.  The  contribution  of  the  bicarbonate  towards  oxalic  acid 
foraation  is  then  represented  by  the  C-I4  labelled  radioactive  oacalic 
acid.  The  dependence  of  G(C^^02)  on  the  concentrations  of  fornate  and 
bicarbonate  is  shovm  in  Fig.  5.  The  increased  yield  for  higher  concen¬ 
trations  of  fomate  and  bicarbonate  co^lld  be  explained  on  the  basis  of 
the  incresaed  scavenging  of  the  prinary  species  (negative  polarons) 
which  would  otherwise  undergo  recombination. 

In  bicarbonate  solutions,  the  formation  of  oxalic  acid  does  not  take 
place.  Iloleculair  hydrogen  is  fully  protected  and  the  molecular  hydrogen 
peroxide  has  the  value  of  G  ■■  0*43*  These  results  would  indicate  the 
following  oeohanisnt 
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IICO"  +  oil  _ 

HCOj  +  on" 

(22) 

CO"  +  ncOj  _ 

CO2  +  IICO" 

(23) 

The  reaction 

IICO^  +  (llgO)"  - >  IICO"  (24) 

nay  possibly  take  place  besides  or  instead  of  reaction  (23). 

In  the  systen  (C  *0^  +  oxalate),  fomation  of  labelled  oxalic  acid 

7) 

could  not  be  detected  and  therefore  the  reaction  : 

COO"  +  Oil  - V  cOg  +  coo"  +  on"  (25) 

i 

COO" 

has  to  be  ruled  out.  A  probable  nechanisn  appears  to  be» 


coo" 

+  on  - 

♦  coo  +  on" 

(26) 

coo" 

! 

coo" 

coo 

1 

1 

1 

o' 

+ 

_ coo" 

1 

(27) 

coo" 

coo" 

coo 

1 

coo 

I  — 

5^°°  +2  COp 

(28) 

coo" 

coo" 

coo" 

In  the  presence  of  C^^O^,  reaction  (27)  is  replaced  byi 

coo  ^ 
coo" 
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In  fomate  solutions,  in  the  presence  of  oxalate,  Gjj  disappears  via  reac¬ 
tion  (27),  resulting  in  an  apparent  decrease  in  0(112). 

In  general,  carboxylation  takes  place  when  free  organic  radicals  are 
present: 

:;ii  +  on  - i.  n  +  1120  (30) 

followed  by: 

n  +  coo"  _ I.  n.coo"  (31) 

Reaction  (31)  is  nuch  faster  than  reaction  (ll).  Therefore,  fomation  of 

oxalic  acid  does  not  take  place  in  the  presence  of  free  organic  radicals, 

8 ) 

Various  substrates  have  been  successfully  carboxylated 

In  the  case  of  a  soluto  which  can  accept  polarons,  the  relative  con¬ 
centrations  of  solute  and  CO2,  or  bicarbonate,  have  to  be  adjusted  according 

to  the  relative  rate  constants  for  the  polaron  reactions, 

2) 

It  has  been  suggested  that  N2O  can  react  with  the  reducing  species, 
converting  then  into  Oil  radicals.  In  a  neutral  solution  of  nitrous  oxide 
(cf.  Fig,  5)  the  follo\7ing  reactions  are  envisaged: 


N2O  +  (H2O)"  y  N2O"  _ ^  1I2  +  OH 

+  on  - >  HgO  +  H 

H  +  OH  _ >  H2O 

11202  +  OH  - y  HgO  +  HOg 

HOg  +  HOg  - ►  HgOg  +  Og 


(32) 

(33) 

(34) 

(35) 

(36) 


OH  +  OH 


(37) 
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The  lew  stationary  yields  of  II2  and  which  we  have  found  are  in  agree¬ 
ment  with  this  mechanism,  whereas  Dainton  and  Peterson's  results,  v/hich 
indicate  protection  of  both  hydrogen  and  hydrogen  peroxide,  cannot  be 
explained  because  reaction  (37)  is  much  slower  than  reactions  (33)  and  (35)» 
0(112)  •=  3*1  indicates  the  yield  of  negative  polarons.  On  the  basis  of  these 
results,  one  has  to  assume  a  very  high  reactivity  of  N2O  with  negative 
polarons. 

In  the  methanol  +  solutions  (Pig.  6),  the  yield  of  ^2  remains 
virtually  the  sane.  The  oxygen  formed  (reactions  35  and  36)  disappears 
because  the  reaction 

CII^OII  +  OH  - >  CII2OII  +  1120  (38) 

predominates. 

Reactions  (35)  and  (35)  also  disappear  and  the  molecular  hydrogen  and 
hydrogen  peroxide  yields  are  fully  protected.  According  to  reaction  (I6), 
the  hydrogen  yield  is  represented  by 

G(n-)  -  G  +  G  (39) 

'^2  "a 

G^j  is  dependent  to  some  extent  on  the  concentration  of  the  Oil  scavenger, 

"a 

probably  duo  to  the  recombination 

n  +  on  - ^  HgO  (40) 

Similarity  betvreen  COg  and  NgO  is  evident.  Negative  polarons  react 
very  fast  with  NgO  and  reactions  (5)  and  (l?)  cannot  compete  efficiently 
in  neutral  solution.  The  reaction 
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N2O  +  II  - ^  TI2  +  on  (41) 

is  a  slow  one  and  cannot  efficiently  compote  V7ith  the  reaction 


:iii  +  II  - ^  ii  +  1I2  (42) 

The  nature  of  is  not  quite  clear;  it  shows  some  characteristics  of 
an  Il-aton,  but  at  the  sane  time  it  could  possibly  represent  an  excited 
water  molecule,  ^  reactiry:  in  the  sane  manner  as  an  ll-aton  (as  has  been 

indicated  by  Dainton^^),  viz. 


UH  +  II2O*  _ ►  h  +  +  011  (43) 

1!^  does  not  appear  in  the  kinetic  considerations  of  Czapski  and  Allen^'^ 

and  on  the  basis  of  their  results  they  rule  out  the  existence  of  independently 

produced  !I-atons.  IIayon^^\  in  an  attempt  to  reconcile  his  previous  results 

(llayon  and  Mlen^^^),  assunes  quenching  of  the  excited  v;ater  molecule  by 

oxygen,  and  according  to  him,  II^  can  appea.r  in  oxygen-free  solution  only. 

This  hypothesis  is  in  direct  contradiction  with  the  results  of  Ilumel  and 
12') 

Allen  ,  who  find  in  aqueous  solution  of  ethanol  saturated  with  air  or 
oxygen,  G(ll„)>  G,,  .  The  apparent  non-existence  of  IT  in  the  inorganic 
systems  must  have  some  other  explanation,  o.g.  reaction  (40)  or  a  similar 
reaction. 

As  has  been  shovm,  the  reaction  noohanisn  in  methanol  solution  is  very 
simplified,  in  the  presence  of  N2O,  All  the  polarons  (G  ■  3*l)  react  with 
NgO,  viz,  (32).  The  reaction  (36)  is  followed  bys 


CHgOII  +  CHgOII 


CILOII 

I 

CIIgOH 


(44) 
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and  CII^OH  +  CllgOII  - k.  CII^OII  +  CII2O  (45) 

G-values  of  3*2  a.nd  0*4  for  ethylene  <Tflycol  and  fomaldohydo  respectively 
have  been  found^^^,  which  supports  the  proposed  nechanisii. 

In  fomate-IIjO  systens,  the  0(112)  sli/^htly  higher  than  in  llgO 
and  nethanol-N20  systens.  Initio.1  yields  of  oxalic  acid  could  not  be 
neasured.  The  G(oxalate)  “  3*4  in  5  x  10”"^  I!  fomato  +  N2O  (latn. ), 
thouf’h  not  fully  'initial*,  indicates  an  increase  in  radical  yield 
(Gp  •»  6*8).  chain  reaction 

00“  +  II2O  - >  CO2  +  Kg®” 

coiild  possibly  take  place,  but  it  should  not  bo  dependent  on  the  concen¬ 
tration  of  fomate.  The  neasurenont  of  the  initial  G-valuo  for  the 
fomation  of  oxalic  acid  could  give  a  definite  answer. 

On  the  basis  of  our  results,  the  radiolysis  of  water  and  aqueous 
solutions  by  Y-rayo  should  bo  represented,  viz. 

IlgO  II2,  IlgOg,  on,  (HgO)’,  (47) 

whore  Hg  and  H2O2  represent  molecular  hydrogen  and  molecular  hydrogen 
peroxide;  OH,  the  free  hydroxyl  radical;  and  (1120)"  and  H^,  the 
reducing  species. 
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fptifj:  \7onK 

Having  established  further  the  existence  of  two  pr inary  reducing 
species,  viz,  the  negative  polorons  (HgO)”  and  Il-atons,  in  irradiated 
(deaerated)  neutral  aqueous  solutions,  our  intention  is  to  study  the 
relative  rates  of  the  reactions  of  these  species  with  different  organic 
solutes. 

It  is  also  hoped,  using  the  systems  v^e  have  studied,  to  get  nore 
accurate  assessments  of  the  actual  yields  of  the  reducing  species 
produced  in  the  primary  radiolysis  of  water  and  aqueous  systens. 
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SODIUM  FORMATS  {molt/l) 

Irradiation  (Co  : -rays)  of  deaerated  aqueous  solutions  of 
sodium  formate.  Dependence  of  the  hydrogen  yield  on  the 
concentration  of  formate. 
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Na  HCOj 


molt /l  j 
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I'  ■  2  Irradiation  (Co  |f-rays)  oi  deavrated  aqueous  solutions  of 
1  mM  sodium  lormate  in  the  presence  ol  sodium  bicarbonate. 
Dependence  of  the  hydrogen  yield  on  the  concent  rat  Ion .of 
bicarbonate . 
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Irradiation  (Co  .,-ia>h)  ol  actucous  solutions  ol  10  M  lormic 


pH-dependontf  of  the  yield  ol  O  hydrogen  In  vacutm; 

-2 

Irogen  in  the  presence  ot  2  x  10  M  C0„ ; Q  C-14  labelled 
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ixyl  group  in  oxalic  acid  1  rtwi  C  O^ . 


ac  id . 


YIELD  10  mole 


the  presfncf  ol  17  tnM  N2O.  X-pt-ndence  of  .ihi-  yield  of 
O  nitrOKcn;  0  liydrO({t  n ;  ^  hydrtJKun  peroxide,  05  the 


concentration  ol  methanol. 
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